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In a previous report (1) the profound modifications in the pathogenic proper- 
ties of the  West  Nile virus brought  about  through  in  vitro  cultivation were 
described: in brief, the virus, with continued passage in culture media, even- 
tually lost its capacity to produce fatal infections in mice and in hamsters on 
peripheral inoculation,  although  its virulence  by  the  cerebral route  was  re- 
tained  essentially  unchanged. 
The inability of such a variant to invade the central nervous system from the 
periphery has obvious implications in the broad field of immunization a~ainst 
the  neurotropic  viruses,  and  the  possibility that  similar  variants  of  other 
neurotropes might be produced by in vitro cultivation was investigated.  This 
paper  describes  the  results  obtained  thus  far with  the Venezuelan  equine 
encephalomyelitis virus. 
Material and Methods 
Virus Stragn.--The V-1938 strain (2, 3), employed in previous studies (4, 3) in this labora- 
tory and found to be readily cuitivable in Maitland type media (6), was used. 
Infected mouse brains, representing the fourth mouse brain passage of the virus in this 
laboratory (previous passage history is unknown),  were ground in a  mortar with sufficient 
10 per cent normal human serum-broth to make a 10 per cent suspension.  The supernatant 
fluid obtained after angle centrifugation at 1300 ~ta,.,s. for 15 minutes was passed through a 
Seitz E.K. pad, and the filtrate was used to initiate the culture series.  Culture flasks were 
seeded with 0.5 ml. amounts of the filtrate. 
Tissue Cu/turen.--Cultures were prepared in 50 ml. Erlenmeyer flasks closed with cork 
stoppers covered with tin foil.  The medium consisted of 4.0 ml. of 10 per cent normal human 
serum-Tyrode's solution and 0.05 to 0.10 gm. of finely minced chick embryo from which the 
central nervous system had been cut away. 
Six flasks were seeded at each passage, the inoculum consisting of 0.3 ml. of a 10  -~ dilution 
of supernatant fluid from the previous passage.  The cultures were kept at 37°C., and pas- 
sages were made at 3- to 4-day intervals. 
Cultures were tested at each passage for the presence of virus: the contents of the several 
flasks were pooled and centrifuged,  and the supernatant fluid was inoculated intracerebrally 
into a group of 6 albino Swiss mice 4 to 6 weeks of age. 
Tents for Pathogenicity of Culture Virus by Extraneural Routes.--The invasiveness  of the 
* The work on which these observations are based was carried out with the support and 
under the auspices of the Service for Studies and Research in Yellow Fever, which is main- 
tained jointly by the Ministry of Education and Health of Brazil and  the International 
Health Division of The Rockefeller Foundation. 
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virus on peripheral inoculation was tested in mice at several passage levels and in rabbits and 
guinea pigs at one passage near the close of the experimental work. 
The contents of several culture flasks were pooled and centrifuged at 1500 R.P.M. for 15 
minutes in an angle head,  and  the supematant  fluid was removed and  used to prepare  a 
series of tenfold dilutions in human serum-Tyrode's solution.  Each dilution was inoculated 
extraneurally into mice of 3, 8,  14, 21,  28, 42, and 90 to 100 days of age (4, 5), and intra- 
cerebrally  into  28-day-old  mice  as  controls.  Three-day-old  mice  were  inoculated  sub- 
cutaneously between the shoulders, the older mice intraperitoneaUy.  Groups of 6 mice were 
used for each dilution, and the inoculum was held constant at 0.03 ml. regardless of the route 
of inoculation.  The mice were kept under observation for 21 days, and the number of specific 
deaths occurring within this period was used to compute the 50 per cent mortality end point 
titer (7) of the virus. 
Rabbits  (2 to 3 kg.) and guinea pigs (350 to 450  gin.) were inoculated intraperitoneaUy 
with 0.5 ml. amounts of culture dilutions.  Mice, 28 days of age, were used as controls on the 
rabbit and guinea pig titrations, and received 0.03 ml. of culture dilutions by the intracerebral 
route.  The LDs0 titers were calculated from the number of specific deaths occurring within 
a 21-day observation period. 
RESULTS 
Pathogenicity of Culture Virus for Mice.--Culture virus was titrated in mice 
by the intracerebral and extraneural routes at 5 different passage levels.  The 
results are summarized in Table I, in which the results of a mouse brain virus 
titration have been included as a  basis for comparison of the  culture virus 
findings. 
The intracerebral LD~0 titers in Table I  show that although the amount of 
virus present in the cultures was always considerably less than that in mouse 
brains, it was approximately the same at each of the passage levels tested, the 
variations in titer being within the experimental error.  The lethal effect of the 
virus on cerebral inoculation, therefore, had not been obviously affected by 74 
passages in culture media.  In contrast, however, in vitro cultivation definitely 
influenced the ability of the virus to kill after intraperitoneal inoculation. 
The first indication that the extraneural virulence of the virus was being 
affected was obtained in the older test animals, as happened in the case of the 
West Nile virus (1).  The LD60 titer of the virus for 90- to 100-day-old mice 
was  10  -~'Ts at  the  fifth  passage;  at  the  twenty-first passage  it  had  fallen 
to 10  -°.~°, and thereafter continued at this low level.  It will be observed that 
the mortality ratios were very erratic, and of the type encountered with viruses 
of low potency. 
Similar results were obtained in 42-day-old mice.  The LDs0 titer of fifth 
passage virus was 10  -8"s8 but by the twenty-first passage it had fallen to approx- 
imately 10°'°; the titer apparently increased to 10  -2"°° at the thirty-first pas- 
sage, although this may have been due to experimental error, since titrations 
at the fifty-ninth and seventy-fourth passages gave LDso titers of the same low 
order observed in 90- to 100-day-old mice. 
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TABLE I 
Effect of Tissue Culture Passage on  Virulence of Ven~udan Equine Encephalomydilis 
Virus for Mice of Different A ges 
Tissue  Mortality  ratio of mice  inoculated  with virus  dilution 
oA~fe  Route  culture  of in- 
mice jection -PgS~-ge Undl-  of virus  lO-Z  10s  101  I0-4 lO-S  I0  -4  lO-V  10  "-8  10  ~  lO-Se  luted 
days 
0 
5 
21  28  I.e.  31 
59 
74 
90-  I.P. 
100 
42  I.P. 
28  I.P. 
21  I.P. 
14  I.P. 
LDN titer of 
virus 
6/6  6/6  6/6  6/6  6/6  4/6  3/6  1/6  10  -s-" 
6/6  6/6  6/~  4/6  1/6  0/6  0/6  10  ~.~ 
6/6  6/6  6/6i  4/6  1/6  1/6  0/6  I0  ~-~ 
6/6  6/6  6/6  6/6  5/6  I/6  0/6  10  -e-So 
6/6  6/6  6/6  6/6  1/6  1/6  0/6  10  ~.7° 
6/6  6/6  6/6i  4/6  1/6  0/6  0/6  10  -s-a 
0  6/6  6/6i  6/6  6/6  6/6  3/6  0/61 0/6  10  -0.°° 
5  6/6  6/d  5/6  6/6  5/~  2/6  0/6  2/6  10  -0"n 
21  2/6  1/6  0/6  0/6  1/~  1/6  0/6  0/6  10  -o.2o 
31  0/6  0/6  0/6  2/6  1/6  0/6  0/6  0/6  <  Undiluted 
59  2/5  0/5  3/5  1/5  1/6  1/6  0/6  10-°.767 
74  2/6  1/6  0/6  0/6  0/5  <  Undiluted 
0  6/6  6/6  6/6  6/6  5/6  0/6  0/6  10  -0"~° 
5  6/6  5/6  6/6  3/6  4/6  0/6  0/6  0/6  10  -~'e 
21  1/6  2/6  1/6  1/6  0/~  0/6  0/6  0/6  Undiluted 
31  3/6  1/5  4/6  2/6  2/6  1/6  0/6  0/6  10-2'0°? 
59  1/6  i/6  0/5  1/6  0/61 0/6  016  0/6  <  Undiluted 
74  1/6  1/6  0/5  2/6  2/6;  0/6  10-  o~ 
0  6/6  6/6  6/6  5/6  0/6  0/6  10  -0''e 
5  6/6  6/6  6/6  6/6  4/~  1/6  0/6  0/6  10  -0.60 
21  4/6  5/~  4/6  3/6  2/6  I/6  0/6  0/6  10-2.m? 
31  4/6  6/6  6/6  6/6  3/6  3/6  0/5  0/6  10  -~° 
59  4/6  5/6  6/6  1/6  2/6  1/6  0/6  0/6  10-2-e°? 
74  4/6  5/6  4/6  I/6  2/6  0/6  10-  2.a 
0  6/6  6/6  6/6  4/6  0/~  0/6  10-  8.~ 
5  6/6  6/6  6/6  5/6  5/6  1/6  I/6  0/6  10  --..50 
21  6/6  6/6i  6/6  6/6  5/5  I/6  0/6  0/6  10  -0.ee 
31  6/6  6/6  6/6  6/6  5/6  5/6  0/6  0/6  10  -0.ae 
59  6/6  6/6  6/6  6/6  6/6  2/6  0/6  0/6  10  "-4.n 
74  6/6  6/6  6/6  6/6  6/6  I/6  0/6  10  -~.6e 
6/6  '  1/6  0  6/6  6/6  6/6  6/6  0/6  10 -uo 
.5  6It  6/6  6/6  6/6  4/6[ 4/61 0/61  I0  ~.°° 
21  6/t  6/6[ 6/6  6/6  4/4  2/6[  0/6[  0/6[  i  10-4'76 
31  6/~  6/61 6/6  6/6  5/6  6/61 3/61 0/61  lo-~.~ 
.59  6/t  6/6  6/6  6/6  6/6  4/6  0/61 0/61  1o-  '~ 
74  6/6  6/6  6/6  6/6  ,5/6 I/6[ 0/6[  10-  6"0 
I.C. m intracerebral; LP. =  intraperitoneal. 208  VENEZUELAN EQUINE ENCEPHALOMYELITIS 
TABLE  I--Condude~ 
o•e 
mice 
days 
ROUtt, 
of in-  [ 
ection 
I.P. 
S.C. 
Tissue 
culture 
p~sage 
of vir~ 
0 
5 
21 
31 
59 
74 
0 
5 
21 
31 
59 
74 
Mortality ratio of mice inoculated with virus dilution 
rn~-  10_  t 
6/61 6/61 
6/6  t 6/6I 
6/61 6/6[ 
6/61 6/6] 
6/61 
6/6  6/6] 
6/6  6/6] 
6/6  6/6l 
6/6  6/6] 
6/61 
I0  -s  LO-: __10  ~ 
6/6  0/6  6/01 
o/e  0/6  o/el 
6/6  6/6  6/61 
6/6  6/6  6/6  I 
6/6  6/6  6/61 
6/6  6/6  6/61 
6/6  6/61 6/61 
6/61 6/6  t 6/61 
6/6  6/6] 6/61 
6/6  6/61 6/61 
IO-IL 
I 
6/6 
6/6 
S/6 
4/6 
S/6 
6/6 
0/6 
6/6 
4/6 
6/6 
6/6 
6/6 
10"* I 10  ''7 
6/61 6/6 
2/61 0/6[ 
o/61 0/6] 
4/61 0/6] 
4/61 0/61 
2/61 0/6] 
6/61 ~/61 
3/61 0/61 
6/61 0/6] 
5/61 2/5j 
4/61 0/6 
6/61 2/6 
I0  ~  tO-m 
6/6  O/C 
6/6  0/( 
LO  ~  LO-m 
616  016 
6/6  0/6 
LD- tltcr of 
virus 
10-9.6o 
lO-.-~.n 
10-~.40 
10-6.os 
lO'~ao 
lO~.n 
10-g.50 
10-6.o0 
10-6.u 
10  ~.7o 
10-~.~ 
10--e.76 
S.C. ,= subcutaneous. 
28-day-old mice were used.  A marked decrease in extraneural pathogenicity 
occurred between the fifth and the twenty-first passages, as was observed when 
older test mice were used; the results in all 3 age groups, therefore, indicate 
that modification of the virus began relatively early in the course of cultivation. 
However, following the initial loss in pathogenicity detected at the twenty-first 
passage, there appeared to be no further ]oss during the succeeding 53 passages. 
There was no evidence that the pathogenicity ofthe virus for animals from 
3 to 21 days of age had been affected; the extraneural LDs0 titers remained high 
and showed no remarkable devlatious during the course of the 74 passages. 
Pathogenicity of Culture  Virus for Rabbits and Guinea Pigs.--Since rabbits 
and guinea pigs are highly susceptible to peripheral inoculation of the Vene- 
zuelan virus (8), the possibility that the pathogenicity of the virus had also been 
modified for these species was investigated.  Fourth mouse brain passage and 
fifty-fourth culture passage virus were titrated in rabbits and guinea pigs, each 
animal receiving 0.5 ml. of virus dilution intraperitoneally; as a  control, each 
virus dilution was inoculated intmcerebraUy (0.03 ml.) into 28-day-old mice. 
The results of the titrations are gi,~en in Table II.  It will be observed that 
mouse passage virus was as virulent for guinea pigs and rabbits by the intra- 
peritoneal route as it was for mice by the intracerebral route.  After 54 culture 
passages, however, the virus was almost completely avirulent for both guinea 
pigs and rabbits:  only an occasional animal succumbed to inoculation, and 
the LD~o titer was less than  10  °'°.  Since the cultures coutained relatively 
large amounts of virus, as shown by titration in mice, and since all three animal H. KOPROWSKI  AND  E. H. LENNETTE  209 
species are equally susceptible to the virus, the wide divergence between the 
LD60 titers in guinea pigs and rabbits and the LD60 titer in mice can be at- 
tributed only to attenuation of the virus. 
TABLE  II 
Effect  of Tissue Culture Passage on  Virulence  of Venezuelan Equine  Encephalomyditis 
Virus for Rabbits and Guinea Pigs 
Cul- 
ture 
iwge 
54 
Test animal 
! 
]Rabbit 
'  Guinea pig 
I Mouse 
I 
!Rabbit 
Guinea pig 
j Mouse 
Inoculum 
ml. 
0.5  I.P. 
0.5  LP. 
0.03  I.C. 
0.5  I.P. 
0.5  I.P. 
0.03  I.C. 
0/3 
o/4 
6/6 
Mortality Ratios of Animals Inoculated 
with virus dilution 
1/3 1/3 
1/4 1/4 
6/6 6/~ 
~/3 
1/4 
5/5 
4~ 
6/6 
0~ 
o~ 
3/3 !3/3 s/3 3/3 t/3 
!3/4 4/4 4/4 z/4, 
5/6 6/6 5/s 2/5~ 
1/5 ~/5 
LDm t/ter 
of virus 
o 
0/3  10  -'a~ 
0/4  10  -s'Ts 
1/5  10  -9.0. 
<  Undiluted 
<  Undiluted 
10--5.79 
COMMENT 
The effects of in vitro  cultivation on the pathogenicity of the Venezuelan 
virus are comparable in several respects to those previously described for the 
West Nile virus (1).  Maintenance of the latter virus in culture media, it may 
be  recalled, practically abolished  its  ability to  kill mice 21  and  28  days of 
age on peripheral inoculation, while its ability to kill younger mice was reduced 
or unaffected, depending upon the age of the test animals.  Similarly, the in- 
vasiveness of the Venezuelan virus for mice 42 or more days of age was almost 
completely lost, was  reduced for mice 28  days of age, but  remained at  the 
original high  level  for  mice  21  days  or  less  of age.  The  lethality of both 
viruses for mice on cerebral inoculation was essentially unaltered by prolonged 
cultivation; and  had  examination  been  confined  to  this  method  alone,  no 
changes in the characteristics of the virus would have been detected despite 
the marked modification it was undergoing. 
In comparing the two viruses according to the age of mice at which complete 
(or almost complete), partial, or no attenuation of She virus was demonstrated, 
it might be assumed that the West Nile virus had undergone the more pro- 
found modification.  It  should be  pointed out, however,  that  resistance  to 
peripheral inoculation of potent West Nile mouse brain virus appears in mice 
by 21 days of age, whereas the Venezuelan virus is highly virulent for mice as 
old as 200 days (4), so that the differences in pathogenicity of the culture strains 
may possibly be relative rather than absolute. 210  VENEZUELAN  EQUINE  ENCEPHALOMYELITIS 
As with the West Nile virus, loss in pathogenicity for the mouse was asso- 
ciated with a  concomitant loss in pathogenicity for other susceptible species. 
Such variants, unable to invade the central nervous system from the periphery, 
should prove useful for purposes of vaccination, provided the antigenic proper- 
ties of the virus are retained, and sudden reversions to a virulent strain do not 
occur.  These aspects of the problem are under investigation. 
To what extent a  neurotropic virus must be attenuated for mice before it 
can be regarded as safe for human prophylaxis also remains to be determined. 
Experience  with  the  yellow  fever  virus,  however,  indicates  that  complete 
attenuation, i.e. to the point where the virus is no longer virulent for 3-day-old 
mice by the subcutaneous route, is probably undesirable: low-culture passage 
17D yellow fever virus (9), which is highly antigenic, is also virulent for 3-day- 
old mice, while high-culture passage virus, which is practically worthless as a 
vaccine (10), is avirulent for animals of this age (6). 
The relative ease with which marked attenuation of the extraneural patho- 
genicity of the West Nile virus, and now of the Venezuelan equine encephalo- 
myelitis  virus,  was  produced,  suggests  that  similar  attenuation  of other 
neurotropic viruses may be achieved by in vitro cultivation. 
SUMMARY 
Continued in vitro  cultivation in a  Maitland type medium resulted in a 
marked modification of the extraneural pathogenicity of the Venezuelan equine 
encephalomyelitis virus. 
The ability of the virus to induce lethal infections after peripheral inocula- 
tion was almost completely lost for mice 42 or more days of age, was somewhat 
reduced for mice 28 days of age, but was still retained for mice 21 or less days 
of age.  The virulence of the virus by the cerebral route remained essentially 
unaffected for mice of any of the experimental age groups. 
Prolonged cultivation also resulted in almost complete attenuation of the 
virus for rabbits and guinea pigs by the intraperitoneal route. 
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